The effects of graded levels of raw bambara nut (Voandzeia subterranea L) waste and supplementary enzyme (Roxayzme G) on performance of broiler chicks were investigated. One hundred and twenty 14-day old unsexed commercial broiler chicks (Anak strain) were randomly divided into eight groups of 15 birds each. The groups were randomly assigned to eight energetic (9.24 to 11.68 MJ of ME/kg) and nitrogenous (21.12 to 22.12% crude protein) diets in a 4 × 2 factorial arrangement involving four levels (0, 10, 15 and 20%) of raw bambara nut waste and 2 enzyme levels (0 and 0.02%). Each treatment was replicated three times with five birds per replicate. Results show that increasing levels of raw bambara nut waste in the diets increased (P < 0.05) average daily feed intake and feed cost per kg weight gain, but decreased (P < 0.05) final body weight, average daily weight gain, feed conversion efficiency and protein efficiency ratio. Increasing raw bambara nut waste levels also depressed (P < 0.05) nutrient absorption as evidenced by significant reduction in the retention of dry matter, nitrogen, crude fibre, ether extract, nitrogen-free extract and gross energy. However, supplementation with enzyme improved (P < 0.05) final body weight and average daily weight gain at 0% raw bambara nut waste level, feed conversion ratio at the 10, 15 and 20% raw bambara nut waste levels, and reduced average daily feed intake and feed cost per kg weight gain at all the raw bambara nut waste (RBW) inclusion levels. Enzyme supplementation also improved (P < 0.05) the retention of dry matter at the 0, 15 and 20% raw bambara nut waste levels, nitrogen at 0% raw bambara nut waste level, ether extract and nitrogen-free extract at 0 and 20% raw bambara nut waste levels, and gross energy at 10 and 20% raw bambara nut waste levels. There was no incidence of chicks' mortality in all the treatments. The results of the study indicate that 10% raw bambara nut waste can be included in enzyme supplemented broiler starter diet without adverse effects on broiler chicks and also to reduce cost of production.
INTRODUCTION
The problem of protein deficiency in Nigeria is evidenced by the fact that an average Nigerian consumes about 10 g per day of the minimum daily protein intake of 35 g recommended by Food and Agricultural Organization (FAO, 1997) . Ani and Adiegwu (2005) had attributed the low protein intake to low level of animal protein production and high cost of animal products, and suggested the intensification of the production of highly *Corresponding author. E-mail: austinani2011@yahoo.com.
reproductive animals with short generation intervals such as poultry, pigs and rabbits (Fielding, 1991; Serres, 1992; Smith, 2001 ). However, the major factor militating against intensive animal production in Nigeria is the high cost of feed and feed ingredients, especially the conventional energy and protein feed ingredients like maize, soybean cake and groundnut cake. The ever-increasing cost of poultry feeds with the attendant increase in the cost of chicken and eggs shows that there is need to explore the use of alternative feed ingredients that are cheaper and locally available. One of such alternative feed ingredients is bambara nut (Voandzeia subterranea L) waste.
Bambara nut is widely cultivated in the Northern and Southern States of Nigeria where the seeds are processed into flour and consumed as moi moi (Enwere, 1998) . The processing of the seeds into flour results in the production of the waste which contains 16.40% crude protein (Okeke, 2000) . Bambara nut waste has been used in the feeding of poultry and rabbits (Okeke, 2000; Ani and Okafor, 2004; Ani, 2006 , Ani, 2008 . However, its use in the feeding of monogastric animals is limited by the presence of such antinutritional factors, as protease inhibitors, haemaglutinins, tannins, cyanogenic glycosides and flatulence factors in the raw bean (Doku and Karikari, 1981; Ensminger, 1996; Enwere, 1998) . Besides antinutritional factors, another limitation is its high fibre content. Poultry cannot fully utilize high fibre diets because they lack the digestive framework that can elaborately digest large amount of fibre. It becomes imperative, therefore, to incorporate exogenous enzymes into their diets in order to enhance the breakdown of the non-starch polysaccharides (NSPs) present in fibre. The enzyme being considered in this study is Roxazyme G, an enzyme complex derived from Trichoderma viride, with glucanase and xylanase activity. The enzyme has been shown to increase digestibility of fibrous feed ingredients by disrupting the plant cell walls, and by reducing the viscosity of the gut contents, thereby enhancing nutrient absorption (Choct and Annison, 1992; Bedford et al., 1992; Acromovic, 2001 ). The present study was therefore conducted to determine the effects of graded levels of raw bambara nut waste and supplementary enzyme (Roxazyme G) on the growth performance of broiler chicks.
MATERIALS AND METHODS
The study was conducted at the Poultry Unit of the Department of Animal Science Research and Teaching Farm, University of Nigeria, Nsukka. Raw bambara nut waste and other feed ingredients used in the study were purchased at Nsukka and Enugu in Enugu State, Nigeria.
Formulation of experimental diets
Eight energetic [9.24 to 11.67 MJ/kg metabolizable energy (ME)] and nitrogenous [21.14 to 22.08% crude protein (CP)] experimental diets containing five raw bambara nut waste levels (0, 10, 15 and 20%) and two enzyme levels (0 and 0.02%) were formulated with the feed ingredients. The percentage composition of the diets is presented in Table 1 .
Animals and management
The experiment was carried out in accordance with the provisions of the Ethical Committee on the use of animals and humans for biomedical research of the University of Nigeria, Nsukka (2006) . One hundred and twenty 14-day old unsexed commercial broiler chicks (Anak strain) were randomly divided into eight groups of 15 birds each. The groups were randomly assigned to eight energetic (9.24 to 11.68 MJ of ME/kg) and nitrogenous (21.12 to 22.12% crude protein) diets in a 4 × 2 factorial arrangement involving four levels (0, 10, 15 and 20%) of raw bambara nut waste (RBW) and two enzyme levels (0 and 0.02%). Each treatment was replicated three times with five birds per replicate placed in 2.6 × 3 m deep litter pens of fresh wood shavings. Kerosene stoves placed under metal hovers for 14 days provided heat. Feed and water were supplied ad libitum to the birds from 14 to 42 days of age. The birds were subjected to standard broiler management procedure.
Measurement of growth parameters
At the beginning of the experiment, chicks in each replicate were weighed together. Feed intake was determined daily by the weighback technique. Live weights were recorded weekly for each replicate.
Parameters calculated
Feed conversion ratio was calculated from the data on live weights and feed intakes as quantity (g) of feed consumed per unit (g) weight gained over the same period. Protein efficiency ratio was also calculated as weight gain (g) divided by protein consumed (g) over the same period. All measurements were taken between 8.00 am and 12.00 noon. Mortality record was kept on daily basis. The chicks were vaccinated against New Castle disease in the first and third weeks and against Gumboro disease in the second and fourth weeks. Prophylactic treatment against coccidiosis with Embazin forte at two weeks of age was also given to the birds.
Apparent nutrient retention by broiler chicks
During week four of the experiment, a seven-day excreta collection from three chicks per treatment (one per replicate) was carried out to determine the apparent retention of the proximate components. Apparent nutrient retention (C) can be defined as follows: Quantity of nutrient in the feed consumed (A) -quantity of nutrient in the faeces voided (B) divided by the quantity of nutrient in the feed consumed (A) multiplied by 100, that is (C = A -B / A ×100). Apparent total tract retention (ATTR) can be calculated as follows: Quantity of the feed consumed (A) -quantity of faeces voided (B) divided by the quantity of the feed consumed (A) multiplied by 100, that is (C = A -B / A × 100). During this period, birds were housed individually in metabolism cages and weighed quantity of feed (90% of the daily feed intake) was offered to each bird daily. The birds were allowed two days to adjust to the cage environment before droppings were collected. Daily feed consumption was recorded as the difference between the quantity offered and the quantity left after 24 h. Faecal droppings were collected from separate cages in detachable trays placed beneath the wire mesh floor of the cages, oven-dried and weighed over a seven day period. At the end of the collection period, all faecal samples from each bird were bulked and preserved in sealed polythene bags until they were required for analysis.
Proximate and statistical analyses
Samples of the eight experimental diets and excreta samples were analyzed for their proximate compositions at the Nutrition Laboratory, Department of Animal Science, University of Nigeria, Nsukka. The samples were analyzed according to AOAC (1990 ) methods (No. 1230 as follows: The ether extract was determined by extracting the diet with ethyl ether placed in a designed container. The solvent is dripped through the sample, a process that removes fat and other soluble substances. Results obtained using this procedure is quantitative, rather than qualitative in nature. The crude protein was determined using the Kjeldahl's digestion procedure. The sample is digested in hot, concentrated sulphuric acid, which converts all the carbon containing compounds to carbon dioxide, and nitrogen is trapped and subsequently measured and expressed as percentage. The rationale behind this procedure is that all proteins contain nitrogen. The crude fibre was determined by boiling (refluxing) the sample (of which fat has been extracted from) in a weak acid solution, filtrating and boiling in a weak solution of alkali, and filtering and drying; the residue remaining is the crude fibre. The dry matter was determined by drying the samples in an oven at 100°C for 24 h or more, depending on the nature of the product being dried. The inorganic minerals were estimated by the ash value, which is determined by burning the sample at a temperature of 350 to 600°C until nothing is left but metallic oxides or contaminants such as rocks and soil. The nitrogen-free extract was determined by summing up the products of all the above mentioned procedures and subtracting from 100. It is not determined using a laboratory procedure. It is an estimate of the readily available carbohydrates. Gross energy of feed and faecal samples was determined in a Parr oxygen adiabatic bomb calorimeter. Data collected were subjected to analysis of variance (ANOVA) in a completely randomized design (CRD) as described by Steel and Torrie (1980) . Significantly different means were separated using Duncan's New multiple range test (Duncan, 1955) .
RESULTS AND DISCUSSION
Proximate composition and energy content of raw bambara nut waste
The proximate composition and gross energy content of RBW is presented in Table 2 (2000) and Ani (2007) , respectively. The observed difference may have resulted from the varieties of seeds used and from the processing method (milling and sieving) adopted. Differences in proximate compositions of legumes and oil seeds have been attributed to differences in the varieties of seeds used (Amaefule and Obioha, 1998; Ani and Okorie, 2006) . Table 3 shows the effects of dietary RBW and supplementary enzyme on performance and mortality of broiler chicks. There were significant differences (P < 0.05) among treatments in final body weight (FBW), average daily weight gain (ADWG), average daily feed intake (ADFI), feed conversion ratio (FCR) and protein efficiency ratio (PER). Chicks fed the control diet (0% RBW) had significantly (P < 0.05) higher FBW and ADWG, and lower ADFI than chicks fed 10, 15 and 20% RBW diets (with or without enzyme supplementation). The highest (P < 0.05) ADFI and FCR, and the lowest (P < 0.05) PER were recorded at the 20% RBW level (without enzyme supplementation). Chicks fed 10% RBW diet (with enzyme supplementation) had significantly (P < 0.05) higher FBW and ADWG than chicks fed 15 and 20% RBW diets. Chicks fed 0% RBW diet (with or without enzyme supplementation) had lower (P < 0.05) FCR than chicks fed 15 and 20% RBW diets. There were significant (P < 0.05) interactions between RBW and enzyme levels in FBW, ADWG, ADFI and FCR. Enzyme supplementation improved (P < 0.05) FBW and ADWG at 0% RBW level, FCR at the 10, 15 and 20% RBW levels, and reduced ADFI at all RBW inclusion levels. There was no incidence of chicks' mortality in all the treatments. The marked effect of RBW inclusion on nutrient composition was a progressive increase in crude fibre content from 4.28% at the 0% RBW inclusion level to 7.84% at the 20% RBW level (Table 2) . Feed intake also increased with the increase in RBW levels. The present finding contradicts earlier reports (Apata and Ojo, 2000; Ajaja et al., 2003) . The increase in feed intake may be attributed to the fibrous and bulky nature, coupled with the low nutrient (energy) content of the RBW containing diets. This seems to corroborate the report of Pond et al. (1974) that feed consumption and the quantity of feed required per kg of gain in pigs increased with increase in the dietary fibre. They attributed such increase to the bulky nature and low total digestible nutrient of the feed. However, the feed intake of birds that consumed enzyme supplemented diets decreased significantly (P < 0.05). Ritcher et al. (1995) and Samarasinghe et al. (2000) had reported a similar observation. As shown in Table 4 , ADGW, FBW, feed efficiency and PER decreased with increasing RBW levels. A similar observation had earlier been reported (Apata and Ojo, 2000) . The depression in performance at the 15 and 20% RBW levels may be attributed to the anti nutritional factors (ANFs) present in raw bambara nut waste (Doku and Karikari, 1981; Apata and Qloghobo, 1994; Ensminger et al., 1996) . Besides ANFs, the high fibre content of the 15 and 20% RBW diets may have contributed to the depressed performance. High dietary fibre is known to limit the amount of the energy available to birds and correspondingly contributes to excessive nutrient excretion (Kung and Grueling, 2000) . However, enzyme supplementation improved ADWG, FBW, feed conversion ratio and PER. A similar improvement in chicks' performance had been reported (Agbede et al., 2002; Shakouri and Kermanshashi, 2004) . According to Broz et al. (1994) and Zobell et al. (2000) , exogenous enzymes compliment the digestive enzymes of poultry by hydrolyzing the non-starch polysaccharides (NSPs) in cereals and vegetable proteins, thereby decreasing gut viscosity, and thus improve nutrient absorption. Feed enzymes also have the ability to alter the bacterial population by digesting the long chain carbohydrate molecules utilized by some bacteria to colonize the tract, and this increases the quantity of protein amino acid digested in the pre caecal section of the tract (Bedford, 1997; Gunal and Yasar, 2004) . Table 4 shows the effect of graded levels of RBW and supplementary enzyme inclusion levels on apparent retention (% of intake) of nutrients by broiler chicks. There were significant (P < 0.05) differences among treatments in the apparent retention of dry matter (DM), nitrogen, crude fibre (CF), ether extract (EE), nitrogenfree extract (NFE) and gross energy (GE). Birds fed 20% RBW diet (with or without enzyme supplementation) had significantly (P < 0.05) lower retention of DM, nitrogen, CF, NFE and GE than birds fed 0% RBW diet. Birds fed 15% RBW diet (with or without enzyme supplementation) had significantly (P < 0.05) lower retention of nitrogen and GE than birds on control diet. The NFE retention of birds fed 10 and 15% RBW diets (with or without enzyme supplementation) was significantly (P < 0.05) higher than that of birds fed 20% RBW (with or without enzyme supplementation). There were significant (P < 0.05) RBW × enzyme interactions in DM, nitrogen, EE, NFE and GE retention. Enzyme supplementation significantly (P < 0.05) improved the retention of DM at the 0, 15 and 20% RBW levels, nitrogen at 0% RBW level, EE and NFE at 0 and 20% RBW levels, and GE at 10 and 20% RBW levels. Increase in RBW levels beyond 10% had adverse effect on nutrient absorption as evidenced by the significant depression in the retention of DM, nitrogen, CF, EE, NFE and GE. Similar depression in nutrient digestibility had been reported in rabbits (Jokthan et al., 2006) and in broiler chicks (Abdelsamie et al., 1983) . Kass et al. (1980) and Fielding (1991) attributed such depression in apparent nutrient digestibility to higher rate of passage of digester in animals fed on high fibre diets. Fibre tends to limit the amount of intake and the retention of the available energy by birds, and contributes to excessive nutrient excretion (Kung and Grueling, 2000) . Besides fibre, anti-nutritional factors such as protease inhibitors, tannins and haemaglutinins may have contributed to the observed depression in nutrient digestibility and retention. This agrees with the reported findings of Osho (1989) and Marquardt (1997) that ANFs in raw beans cause depression in nutrient digestibility, absorption and retention. The poor performance of chicks that consumed the RBW containing diets therefore, could be attributed to the high fibre content of RBW diets, poor nutrient absorption and retention, as well as to the ANFs present in RBW. However, enzyme supplementation of the RBW diets improved nutrient retention. This corroborates earlier reports (Ikegami, 1990; Francesch et al., 1994 ) that enzymes improved the digestion and absorption of nutrients. Perhaps enzymes might have helped to reduce the viscosity of the encapsulated nutrients to enhance nutrient uptake and absorption as reported by Toibipont and Kermanshashi (2004) .
Performance of broiler chicks

Apparent nutrient retention (% of intake) of nutrients by broiler chicks
Cost implication of feeding graded levels of raw bambara nut waste and supplementary enzyme to broiler chicks Table 5 shows the cost implication of feeding graded levels of raw bambara nut waste and supplementary enzyme to broiler chicks. There were significant differences (P < 0.05) among treatments in cost of daily feed intake, total feed intake and feed cost per kg weight gain. Chicks fed 10, 15 and 20% RBW diets (without enzyme supplementation) had significantly (P < 0.05) lower costs of daily and total feed intakes than birds on control diet. The feed cost per kg weight gain of chicks fed 20% RBW diets (with or without enzyme supplementation) was significantly (P < 0.05) higher than that of birds fed 0, 10 and 15% RBW diets. There were significant RBW × enzyme interactions in costs of daily and total feed intakes and in feed cost per kg weight gain. Enzyme supplementation reduced (P < 0.05) costs of daily and total feed intakes and feed cost per kg weight gain at all RBW inclusion levels. The cost of daily feed intake and the cost of total feed intake decreased with increasing RBW levels, while feed cost per kg weight gain increased with increasing RBW levels. The observed increase in feed cost per kg weight gain may be attributed to increase in ADFI, poor feed conversion efficiency and utilization, and poor growth rate of chicks that consumed diets containing high levels of RBW. Nevertheless, enzyme supplementation significantly (P < 0.05) reduced feed cost per kg weight gain. Reduction in feed cost per kg weight gain of chicks fed enzymesupplemented diets had earlier been reported (Mikulshi et al., 1998; Ajaja et al., 2003) . The observed reduction in feed cost per kg weight gain of chicks that consumed the enzyme-supplemented diets may probably be due to reduction in ADFI, improved feed efficiency and utilization, and improved ADWG of the chicks.
Conclusion
It is evident from the results obtained in this study that raw bambara nut waste can be included in enzyme supplemented broiler starter diets at 10% level without adverse effects on broiler chicks and to enhance cost reduction of feed per kg weight gain.
